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SUMMARY 

V i a b i l i t y  s t u d i e s  were conducted on se l ec t ed  microorganisms 

subjected t o  u l t r a h i g h  vacuum (UHV), i n  t h e  lo” t o r r  range, and 

exposed t o  each of t h e  following: (1) u l t r a v i o l e t  r a d i a t i o n ,  (2)  

gamma r a d i a t i o n ,  and (3) elevated temperatures.  

Among spores  of f o u r  t e s t  organisms subjected t o  UHV and u l t r a -  

v i o l e t  r a d i a t i o n ,  A. n ige r  proved t h e  most r e s i s t a n t ;  €io megaterium, 

B o  s u b t i l i s  and B.  s tearothermophilus proved about equa l ly  less 

r e s i s t a n t .  

- - 
-I__ - 

All f o u r  spores  were less r a d i o - r e s i s t a n t  when UHV-dried 

than when a i r - d r i e d .  

Among spores  of f o u r  t e s t  organisms subjected t o  UHV and gamma 

d r i e d  than when wet. 

Microbial  f l o r a  of dr ied  d e s e r t  s o i l  withstood 200°6 simultane- 

ous ly  with UHV f o r  f i v e  days. S o i l  i s o l a t e s  showed considerabl;? 

less r e s i s t i v i t y ,  however, thus confirming t h a t  s o i l  se rves  as a 

p r o t e c t i v e  agent aga ins t  thermal d e s t r u c t i o n .  

Three vege ta t ive  microorganisms subjected simultaneously t o  

e leva ted  temperatures and UHV showed a rap id  decrease i n  s u r v i v a l  

as temperatures rose  above approximately 50 0 C. 2. aureus w a s  t h e  

most r e s i s t a n t  organism, while c u l t u r e  248 (an extremely r ad ia t ion -  

r e s i s t a n t  coccus i s o l a t e d  i n  t h e  labora tory)  w a s  the  l e a s t  r e s i s t a n t .  

Surv iva l  curves of both these  organisms began l e v e l i n g  o f f  i n  t h e  

v i c i n i t y  of 7OoC. S. f a e c a l i s  was of in te rmedia te  res i s t i  - 

-iv- 
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INTRODUCTION 

R e  s ea rc  h 

The 

(1) 

This f i n a l  summary report  desc r ibes  r e sea rch  conducted f o r  

t h e  Nat ional  Aeronautics and Space Adminis t ra t ion under Contract 

NASw-773 "Study of V i a b i l i t y  of Microorganisms i n  Simulated 

Space," It covers t h e  period Apr i l  21 ,  1963 through May 31, 1964. 

The s t u d i e s  reported were a cont inuat ion of those  conducted under 

Contract NASr-41. The program was a j o i n t  e f f o r t  of Nat ional  

Research Corporation, through i t s  Space Vacuum Laboratory,  and t h e  

Massachusetts I n s t i t u t e  of Technology, through t h e  Microbiological  

Laboratory of t h e  Department of N u t r i t i o n  and Food Science,  

following s t u d i e s  are h e r e i n  repor ted :  

R e s i s t i v i t y  of four  t e s t  organisms to u ; t r a v i o l e t  

Eight i n  combination with u l t r a h i g h  vacuum. 

R e s i s t i v i t y  sf four  t e s t  organisms t o  gama r a d i a r i o n  

i n  combination w i t h  u l t r a h i g h  vacuum, 

R e s i s t i v i t y  of soil microorganisms and of t h r e e  t e s t  

vege ta t ive  c e l l s  t o  e levated temperatures i n  cembina- 

t i o n  with u l t r ah igh  vacuum, 

Work performed i n  t h e  l a s t  q u a r t e r  (February 1, 1964 t o  

A p r i l  30, 1964) i s  discussed in  g r e a t e r  d e t a i l  than  t h a t  a l ready  

descr ibed i n  t h e  f i r s t  t h r e e  q u a r t e r l y  r e p o r t s .  

-1- 
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I. RESISTIVITY OF MICROORGANISMS TO ULTRAHIGH VACUUM (UHV) AND 

ULTRAVIOLET (W) RADIATION 

The fol lowing four  t e s t  organisms were used i n  t h i s  study: 

B a c i l l u s  megaterium, Bac i l lu s  s u b t i l i s  v a r  n i g e r ,  B a c i l l u s  stears- 

thermophilus and Asperg i l lus  n iger  ,, 

Experimental Procedure: 

Prel iminary experiments were conducted which demonstrated 

t h a t  microorganisms were protected from W when supported on 

g l a s s  f i b r e  f i l t e r s  due t o  t h e i r  g ros s ly  i r r e g u l a r  su r f aces ,  

Membrane f i l t e r s  (made by t h e  Mi l l i po re  Corp, 1 although f i b r o u s  

i n  n a t u r e ,  demonstrated no such p r o t e c t i o n  and were t h e r e f o r e  w b -  

sequent ly  employed i n  t h e  experiments. 

The spores ,  thus  supported, were posi t ioned wi th in  ,i 17:~' 

n 
chamber (which was kept a t  2.0 x l o o 7  t o r r )  and ex;csed t o  a IT 

lamp, Repl ica te  f i l t e r s  were placed i n s i d e  g l a s s  tubes i n  t h e  

vacuun chamber t o  p r o t e c t  t h e  organisms from W while  allowing 

t h e i r  exposure t o  vacuum, The l a t t e r  organisms thus served as 

con t rcks ,  Fur ther  procedural d e t a i l s  can be found i n  t h e  O c t o b ~ r  

31, 1963 Quarter ly  Report. 

Apparatus: 

Commercial W lamps have extremely high i n t e n s i t y  outputs .  

This  condi t isn,coupled with the c lose  proximity between lamp and 

sample necess i t a t ed  by vacuum chamber dimensions, causes  unusabky 

high microorganism dose r a t e s ,  A lamp-current c o n t r o l l i n g  device  

was t h e r e f o r e  developed t o  reduce t h i s  i n t e n s i t y ,  

a dose of 500 microwatts w a s  de l ive rab le  over two minutes in s t ead  

of s e v e r a l  seconds, a s  occurred previously.  P r e c i s e  dose adminis- 

t r a t i o n s  were thus  a t t a i n a b l e .  Troublesome i n t e n s i t y  f l u c t u a t i o n s  

were a l s o  reduced, 

A s  a r e s u l t ,  

-2- 
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Fig. 1 shows t h e  W and UHV apparatus  employed. A General 

E lec t r i c - type  G15 T a  germicidal lamp was mounted c e n t r a l l y  on a 

20-cm diameter s t a i n l e s s  s t e e l  c y l i n d r i c a l  framework ( the  wire  

mesh screen around t h e  lamp as s i s t ed  i n  W i n t e n s i t y  r educ t ion ) ,  

Equipment was constructed f o r  easy removal from t h e  vacuum chamber 

to allow t e s t  specimen manipulation without changing lamp and 

c y l i n d r i c a l  frame pos i t ion ing .  

s t a b i l i z e d  output  and was ca l ib ra t ed  by s imula t ing  sample ex- 

posures i n  a i r ,  n i t rogen  and vacuum. 

peak s e n s i t i v i t y  a t  2537A was used f o r  i n t e n s i t y  measurements. 

P ins  were in se r t ed  i n  the frame t o  support  36 f i l t e r s  (which 

were 47 mm i n  d iameter ) ,  each pos i t ioned  10 cm from t h e  lamp, 

This  u n i t  was s e t  on a t r i pod  i n  t h e  b e l l  j a r  po r t ion  of the 

vacuum chamber, 

at atmospheric pressure  and i n  u l t r a h i g h  vacuum. 

The lamp was aged t o  achieve a 

A Westinghouse UV meter wi th  
0 

Spores on the f i l t e r s  were thus  i r rad ia ted ,  both 

F i l t e r s  conta in ing  t h e  cont ro ls  were placed on a wire rrtse 

i n s i d e  s ter i l e  pyrcx test tubes. 
on .a wire esvered the end of each tube. Controls were thus 
s h i e l d e d  from W without impeding vacuum pumpdewn. 

A s t e r i l e  pyrex beaker s u p p o r t e d  

Three o r  

four such tubes were posit ioned v e r t i c a l l y  i n  t h e  base of t h e  

vacuum chamber. 

a e s u r t s :  

Experimental re~sults are presented i n  Table 1. Column A 

gives  t h e  percentage su rv iva l  of spores  exposed t o  W a f t e r  

being a i r - d r i e d  but  before  baing subjected t o  UHV. 
g ives  the percentage m r v i v a l  of  spores  exposed t o  W a f t e r  
being stored fer 7 days over deglsicant bu t  before  subjected t o  
UHV. Column C gives the percentage s u r v i v a l  of spores  exposed 

t o  W a f t e r  being subjected t o  7 days of UHV, 
the number of v i a b l e  spores  p r i o r  t o  7 d a y s  of d e s s i c a t i o n  with 
the  number remaining subsequently. 

Column I) 

Column D compares 

-3- 
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TABLE 1 

PER CENT SURVIVAL OF SPORES OF FOUR ORGANISMS 

AFTER ULTRAVIOLET IRRADIATION I N  ULTRAHIGH VACUUM 

AND AT ATMOSPHERIC PRESSURE 

Organism 

- B. megaterium 

n D. su'ut'i-jis - 
var niger 

- B, stearother. 
mophilis 

A .  niger - 

V:  vacuum 

I: initial 

Dose 
MW-sec 

2 cm 

500 
750 

1 y 000 
10 y 000 

500 
750 

1,000 
2 500 
10 I )  000 
_ _ _ ~ ~  

500 
750 

2 500 
5 000 

1,000 

1 ,, 000 

A 

DCI 
uvI (100) 

81 
83 
42 
0.33 

55 
19 
6.5 
0.33 
0.03 

38 
14 
1.0 
0.17 
0.08 

B 

94 
100 
58 
0.49 

~~~~ ~ 

42 
15 
9.5 
0.31 
0.02 

33 
15 
5.9 
0.26 
0.08 

~ 

83.0 

C 

V 
vuv (100) 

1.3 
0.06 
0.009 
0.002 

5.0 
0.39 
1.2 
0.04 
0.001 

1.0 
0.05 
0.23 
0.03 
0.02 

83.0 

D 

100 
117 
109 
104 

100 
83 
105 
94 
1.23 

104 
82 
97 
90 
76 

W: ultraviolet DC: desiccator control 

F: final 

-5- 
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Of t h e  f o u r  t e s t  organisms, A .  n i g e r  w a s  t h e  most r e s i s t a n t ,  - 
while  t h e  remaining t h r e e  showed r e s i s t i v i t y  comparable wi th  one 

another.  Spores exposed t o  UV i n  t h e  vacuum-dried s t a t e  (Column C) 

were less r e s i s t a n t  than those exposed t o  UV i n  t h e  a i r - d r i e d  s t a t e  

(Columns A and B ) .  

between spores a i r - d r i e d  f o r  7 days (Column B) o r  f o r  one day 

(Column A) 

The reason f o r  t h e  g rea t e r  s u s c e p t i b i l i t y  of t h e  vacuum- 

There was l i t t l e  d i f f e rence  i n  r e s i s t i v i t y  

d r i e d  spores  t o  UV i s  not evident.  However, two hypotheses are 

p o s s i b l e ,  i f  it i s  assumed tha t  t h e  DNA of t h e  c e l l  i s  t h e  main 

t a r g e t  f o r  W damage and t h a t  i n d i r e c t  e f f e c t s  do not  e x i s t  as 

a r e s u l t  of t h e  organisds  dessicated s t a t e .  One hypothesis  i s  

t h a t  upon drying,  t he  more suscept ib le  po r t ions  of t he  DNA 
molecules a r e  somehow exposed t o  W. 

t h a t ,  i n  some manner, r e p a i r  mechanisms are i n t e r f e r e d  w i t h ,  i a i t h t r  

through damage by long-lived and s t a b l e  r a d i c a l s  o r  by s p a t i a l  

d i s r u p t i o n ,  

The o the r  p o s s i b i l i t y  i s  

-6 - 
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11, RESISTIVITY OF MICROORGANISMS TO ULTRAHIGH VACUUM (UHV) AM) 

GAMMA RADIATION 

The fol lowing fou r  t es t  organisms were used i n  t h i s  s tudy:  

B ,  megaterium, B o  s u b t i l i s  var n i g e r ,  A. n i g e r  and C. sporogenes. 

Rad iosens i t i v i ty  w a s  determined f o r  spores  t h a t  were wet,  a i r -  

d r i ed  and UHV-dried. 

- - - 

I r r a d i a t i o n  w a s  conducted, both a t  atmospheric 

p re s su re  and i n  vacuum. The r e s u l t s  a r e  presented i n  F i g . ' s  2 

through 5. 

Two s i g n i f i c a n t  e f f e c t s  a r e  t o  be noted. One i s  an oxygen 

e f f e c t ;  a l l  fou r  organisms showed an increased r a d i o  s e n s i t i v i t y  

i n  vacuum when oxygen w a s  present .  The o t h e r  e f f e c t  i s  t h e  i n -  

creased r a d i o s e n s i t i v i t y  caused by UHV drying ( a t  lo" t o r r ) ,  as 

w a s  noted above f o r  W. 

by comparing w e t  spores i r r a d i a t e d  i n  t h e  presence of a i r  w i t h  

UHV-dried spores  i r r a d i a t e d  i n  t h e  presence of a i r .  This UHV 

drying e f f e c t  has a l s o  been reported by T a l l e n t i r e  (Nature: 182: 

1024, 1958).  (While he l imited h i s  i n v e s t i g a t i o n  t o  B. megaterium, 

i t  appears t o  be a genera l  phenomenon.) 

This can be  seen i n  Figess 2 through 5 

- 

It i s  i n t e r e s t i n g  t o  note t h a t  spores  of B e  s u b t i l i s  v a r  n ige r  

and of I A ,  n ige r  showed l e s s  r a d i o s e n s i t i v i t y  when UHV-dried and 

i r r a d i a t e d  without a i r  present  than  when wet and i r r a d i a t e d  i n  

a i r ,  while  t h e  reverse  was t rue  f o r  t h e  remaining two organisms. 

Also t o  be noted i s  t h a t  - B. megaterium spores  gene ra l ly  displayed 

t h e  l e a s t  r a d i o s e n s i t i v i t y  and A. n i g e r  t h e  g r e a t e s t .  

- 

- 
Fur ther  d i scuss ion  of these r e s u l t s  and of the  experimental  

procedures employed can be found i n  t h e  January 31, 1964 Quarter ly  

Report 

-7- 
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V a c u u m - D r i e d  Spores  
I r r a d i a t e d  i n  A i r  

A V a c u u m - D r i e d  Spores  
I r r ad ia t ed  i n  V a c u u m  

1 2 3 4 5 
DOSE ( lo5  RAD) 

FIGURE 2 
R A D I O R E S I S T I V I T Y  OF BACILLUS MEGATERIUM SPORES 

TO GAMMA RADIATION 
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Wet Spores I r r a d i a t e d  
I n  A i r  

V a c u u m - D r i e d  Spores 
I r rad ia ted  i n  A i r  

V a c u u m - D r i e d  Spores 
I r r a d i a t e d  i n  V a c u u m  

1 2 3 4 5 
DOSE (105 RAD) 

FIGURE 3 
R A D I O R E S I S T I V I T Y  OF BACILLUS S U B T I L I S  VAR. NIGER SPORES 

TO GAMMA RADIATION 
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10-1 

n 

z 0 
\ 

l oa3  Wet Spores  I r r a d i a t e d  
I n  A i r  

Vacuum-Dried Spores  
0 I r r a d i a t e d  i n  A i r  

Vacuum-Dried Spores  
A I r r a d i a t e d  i n  Vacuum 

1 2 3 4 5 
DOSE ( lo5  RAD) 

FIGURE 4 

RADIORESISTIVITY OF CLOSTRIDIUM SPOROGENES SPORES 
TO GAMMA RADIATION 
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F I G U R E  5 

R A D I O R E S I S T I V I T Y  OF ASPERGILLUS N I G E R  SPORES 
T O  GAMMA RADIATION 
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111. RESISTIVITY OF MICROORGANISMS TO ULTRAHIGH VACUUM (UHV) AND 

ELEVATED TEMPERATURES. 

A ,  S o i l  Microorganisms 

s o i l s  w i l l  surv ive  200°C f o r  4 t o  5 d a y s  under u l t r a h i g h  vacuum 

( i n  the  l o w 9  t o r r  range) ;  both aerobes and anaerobes w e r e  recovered 

a f t e r  t h i s  t reatment .  

t h e  p r o t e c t i o n  afforded by (1) t h e  s o i l  i t s e l f ,  and (2) t h e  physio- 

l o g i c a l  s ta te  of t h e  organisms. 

It has  been e s t ab l i shed  t h a t  microbia l  f l o r a  i n  d r i e d  d e s e r t  

The main l e t h a l  d e t e r r e n t  appeared t o  be 

0 I n  o t h e r  experiments, survivors  of 200 C were i s o l a t e d  on 

f i l t e r s  and resubjected t o  u l t r ah igh  vacuum. Two out of 70 
c u l t u r e s  (35 aerobic  and 35 anaerobic) survived only about 1 2 O O C .  

Such a q u a l i t a t i v e  t e s t  i s  inadequate t o  des igna te  t h e  cause of 

thermal s e n s i t i v i t y  i n  s o i l s ,  bu t  i t  v e r i f i e s  t h a t  t h e  two pro-  

t e c t i v e  f a c t o r s  s t a t e d  above were not  re -es tab l i shed  on t h e  

f i l t e r s  and thus  confirmed that  s o i l  i s  inhe ren t ly  p r o t e c t i v e  

a g a i n s t  thermal d e s t r u c t i o n  ( in  u l t r a h i g h  vacuum). 

Fur ther  d e t a i l s  of t h i s  work are contained i n  t h e  Quar te r ly  

Reports of J u l y  31, 1963 and of  October 31, 1963. 

B. Vegetative T e s t  Organisms 

Three vege ta t ive  organisms were se l ec t ed  f o r  t h i s  s tudy:  

Streptococcus f a e c a l i s  1 O C 1 ,  Staphylococcus aureus,  and an ex- 

tremely r a d i a t i o n - r e s i s t a n t  coccus No. 248,  which w a s  i s o l a t e d  

i n  t h e  l abora to ry ,  

Experimental Procedure: 

So f a e c a l i s  and S. aureus w e r e  grown as s t a t i o n a r y  c u l t u r e s  - - 
f o r  22 hours a t  3 7 O C  i n  tyrptone-glucose extract  b ro th  ( d i f c o ) ,  

whereas 248 were grown as a 36-hour shake c u l t u r e  a t  3OoC i n  

p l a t e  count b ro th  supplemented wi th  0.5% N-2 case (Shef f ie ld  

-12- 
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Chemical Co.). 

composition as t h e  propagation b r o t h ;  t h e  incubat ion  per iod w a s  

5 t o  1 2  d a y s .  

The organisms were enumerated on agar  of t h e  same 

Appropriate d i l u t i o n s  of t h e  s ta t ionary-phase  ce l l s  were 

p ipe t t ed  onto g l a s s - f i b e r  f i l t e r  d i s c s  and d r i e d  overnight i n  

a d e s i c c a t o r  over  s i l i c a - g e l .  

i n  a vacuum chamber and heated. 

u l t r a h i g h  vacuum ( i n  t h e  10'' t o r r  range) were maintained f o r  

5 d a y s .  Af t e r  t h i s  t ime, t h e  f i l t e r  d i s c s  were blended i n  c h i l l e d  

aqueous d i l u e n t  conta in ing  0.1% t r y p t i c a s e  (with a pH of 7.0) and 

s e r i a l l y  d i l u t e d  f o r  quan t i t a t ion  i n  d i l u e n t  of t h e  same composi- 

t i o n .  

The f i l t e r  d i s c s  w e r e  then placed 

Prescr ibed temperatures and 

Apparatus: 

A r e f r i g e r a t e d  vacuum system capable of a t t a i n i n g  a pressure  

t o r r  a t  ambient temperature and a s p e c i a l l y  designed of iO-10 

r a d i a n t  h e a t e r  were employed. T h i s  apparatu.s i s  shown i n  Fig.  6.  

The h e a t e r  cons is ted  of a tantalum w i r e  c o i l  supported on a 

frame b y  ceramic i n s u l a t o r s .  A s t a i n l e s s  s t e e l  r e f l e c t o r  surrounded 

t h e  frame. 

11 1 / 2  inches i n  he ight .  Two c i r c u l a r ,  s t a i n l e s s  s t e e l  sample 

t r a y s ,  each 8 1 / 2  inches i n  diameter, were loca ted  i n  an area 

whose temperature w a s  regulated t o  w i t h i n  + l.O°C by a pyro-vane 

temperature i n d i c a t i n g  con t ro l l e r .  The sample a r e a  temperature 

w a s  monitored by s e v e r a l  chromel-alumel thermocouples. 

t u r e s  as high as 18OoC + l.O°C were a t t a i n a b l e  while  simultaneously 
-9 maintaining a vacuum of 10  t o r r .  

The h e a t e r  assembly was 10 1 / 2  inches i n  diameter and 

- 

Tempera- 

- 

Resul t s  and Discussion: 

Experimental r e s u l t s  a r e  presented i n  Table 2 and Fig.  7. 
A s  shown i n  Table 2 ,  t h e  i n i t i a l  number of organisms of each type 

w a s  kept  between l o 7  and 10 8 c e l l s  pe r  f i l t e r .  A l s o  shown i s  

-13- 



I 
I 
I 
I 
I 
I 
I 
I 
: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

C 
0 

.rl u 
sd 
rl 
7 
v) 
C 
H 

k 
0 
u u 
aJ 
rl 
Icl 

2 

n 
v) 
rl 
*d 
0 
V 

E 
3 
rl 
m u r: 
m 
H 

k 
aJ u 
m 
aJ 
3: 

W 

-14- 

2 
3 

3 
W 

U 
E a ) k  
3 r l o  

m 5 

: $ a  a 

X 
c3 



TABLE 2 

I 
I 

SURVIVAL OF VEGETATIVE CELLS AT VARIOUS TEMPERATURES 

WHILE UNDER ULTRAHIGH VACUUM 

Temp.  Co N 

4.4 
40 
60 

65 

75 

4.4 
20 
A n 

40 
60 

65 

70 

75 

-TU 

4 , 4  
20 

40 
60 

70 

80 

1.0 l o 6  
2.3 l o 6  
2.6 10' 
3.3 l o 3  
9.0 l o 2  

1.4 l o 6  
1.4 l o 6  

6 1.4 IC! 
2.0 l o 6  
2.3 l o 5  
3.6 l o 4  
2.0 lo1  
No Surviva 

3 .1  l o 6  
4.7 l o 6  
1 .7  l o 6  

2 .0  lo1  

6.6 l o 4  
4 .0  l o 1  

0 
N 

7 

26 10' 

3.0 l o 7  
3.0 l o 7  
3.1 l o7  
3.1 l o 7  

1 .3  l o 7  
1 . 3  l o 7  

1 . 5  l o 7  
1 . 5  l o 7  
1.1 l o 7  
1 .6  l o 7  

7 1.3 I C !  

N/N, 

4.0 

7.6 10'' 

8.6 

1.0 
3.0 

1.0 10-1 

1.0 10-1 
-1 1.9 10 .. 

1 .3  10-1 
1,4 
3.2 

1 . 3  

2.0 10-1 

1.1 10-1 

8.0 

3 . 1  10" 

5.5 

2.8 

-15- 



I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 
I 
I 

I- - - 0 2, faecal is  
- 
- A 2. aureus 

- a  
A Culture  248 

4 

v - - - 
- 
- 0  

l o o  I I I I I 

10-1 

- 
0 z 
z \ 
W 

z 
0 
H 
H 

tc 

3 
v) 

loo5 
0 1 5  30 45 60 75 90 

TEMPERATURE (0C) 
1L 



t h a t  t h e  populat ion as a funct ion of temperature remained s t a b l e  

from O°C t o  approximately 5OoC, a f t e r  which a rap id  decrease  

occurred,  The l a t t e r  can also be seen i n  Fig. 7. Also t o  be 

noted i s  t h a t  c u l t u r e  248 manifested surv ivors  o r  " t a i l i n g  o f f "  

i n  t h e  range of 6OoC t o  8OoC. 

i n  F ig ,  7.)  S o  aureus was the most r e s i s t a n t  of t h e  ce l l s  examined; 

i t  survived 75OC wi th  only a 3 1 / 2  log  cycle decrease, a f te r  which 

i t  too  gave i n d i c a t i o n s  of a " t a i l i n g  off' ' e f f e c t .  

w a s  of in te rmedia te  r e s i s t i v i t y ,  being more r e s i s t a n t  than  

S. aureus a t  lower temperatures and then  dying much more r a p i d l y  

than  c u l t u r e  248 a t  h igher  temperatures (ices, above about 65OC.) 

The 50'6 t r a n s i t i o n  temperature noted above i s  s u r p r i s i n g l y  

c l o s e  t o  t h a t  noted i n  previous s t u d i e s  with spores ,  where 6OoC 

w a s  t h e  c r i t i c a l  temperature. The na ture  of t h e  s u r v i v a l  d a t a  

i n d i c a t e s  t h a t  rap id  c e l l  cons t i t uen t  d e s t r u c t i o n  occurs  near  

t h i s  temperature,  Since t h i s  appears  so f o r  a l l  t h r e e  organisms, 

t h e  l e t h a l  e f f e c t  may be due t o  some genera l  r e a c t i o n ( s ) .  

(This i s  shown i n  Table 2 bu t  not  

- 

S. faecal is  - 

e 
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